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PROBLEM TO BE SOLVED: To simply convert an actually photographed picture into a handwritten-like 
picture at low cost by omitting a conventional handwritten picture preparation process requiring a person 
and a time. 

SOLUTION: A picture processor for generating a handwritten-like video based on an actually 
photographed video is provided with a frame memory 2 for input for an input picture, picture processor 3 
for picture processing the picture signal of the frame memory 2 for input, parameter inputting device 4 for 
inputting a parameter for the picture processing of the picture processor 3, and frame memory 5 for 
output for storing the picture processed result from the picture processor 3. At that time, a picture signal 
inputted to the picture processor 3 is processed in an edge detecting filter so that edge strength and the 
inclination can be detected, and a touch shape can be decided. 
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parameter for the image JWowmJ^^ * si ! inputted 

and its inclination, and out image ^^^^^Z>^ P icture 

[Claim 31 The image j«o«W detection ] the picture signal ^ the ato gr a§ one 

eauipped with the following, filters [ edge ae detect i 0 n filter, detects the vmung y rized b 

p?o essor, sets up the size ^ q ^SSed edge intensity and its inch ^ for an input for 
of the key touch ^bute^ of predetermined time^ ^ ^ e ^ al Jthis frame memory 

repeating determining a touch c^fSji carries out the image pro cess J to pictU re processor, 
nput pictures. The picture P^«^S inpu t S a parameter for picture processor. 

Claim 6 A picture signal is itt P utt ^^2 si ^ of a touch, and the aforementioned ouch draws ^ & 

pTc^sU Setup ^ ^"^^SS^SS i- oovc^d ^^~£SS^^SSSS ?Cx y>, «nd it 
of times of a lump is set up. (a) Ar edge « intensity s (sx sy) of intensity s (sx, sy), 

perpendicular direction, (b) Inclin ^^ l " ho d characterized by inclining with this eag aforementio ned touch 
S for theta. (c) The image-pro ^ aforementioned parameter and ^ of ft lump 

determining a touch configuraUon from ^ from the above , (a) accord ng ^ num . § characterized 

drawing, and performmg the s^f ^c) sejer^ ^ edge on-me-sfren^e^hoW tu § 
[Claim 7] The image-processing metnoo when t ^ ^ edge m y according to claim 6. 



spot photo in the aforementioned resolution picture, or the image-processing method given in 7 and 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the image-processing method 
which generates the image of the hand-drawn style based on a real map image, and its equipment about an image 
processing system. 
[0002] 

Background of the Invention] In recent years, digitization of a picture signal is made known frequently and the special 
image expression of it which compounded the real map image and the computer graphics image in digital one is 
attained. Main positions are occupied in a graphic commercial scene. However, in computer graphics, there is an image 
which gives an impression which human being drew by hand as what has difficult generation. Although a straight line 
and an inclination line can be easily described at computer graphics, in order to make analog-depiction poor, it is not 
even easy to draw a perfect circle. Although it uses a dither method, the carrying-out-smoothly technique, etc. of 
having taken into consideration especially the smoothness of the same character representation as the printer which 
indicates by the dot in digital one, it is difficult to model very like hand-drawn. Moreover, there are not many image 
processing systems of the hand-drawn style which do not depend on the interactive operation between user equipment 
and which can be processed automatically. 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, the conventional hand-drawn drawing creation process (even when 
creating an image by interactive operation, time ** for mastering people and the operating instruction which have **** 
to some extent after all is needed) of requiring people and time is omitted, and as easy as possible and the realization of 
a means (equipment) which is a low cost and generates the image of the hand-drawn style are required technical 
problems technically. 

[0004] this invention aims at changing into the picture of the hand-drawn picture style from an on-the-spot photo 

picture especially for the purpose of solving the above-mentioned technical problem. 

[0005] 

[Means for Solving the Problem] this invention consists of parameter input equipment for the equipment for 
accumulating an input image, the frame memory for input frames, the frame memory for output frames, the picture 
processor for actually processing an input frame in the picture of the hand-drawn style, and a user controlling a picture 
processor. 

[0006] In the image processing of this invention, with the edge-detection filter which can be processed high-speed, a 
border line is detected and a touch is written in in the detected direction of a border line. A picture processor has an 
image-processing function based on this edge detection. Moreover, the writing of the touch in this invention means 
writing fields, such as a rectangle or an ellipse, in an output frame memory. Moreover, the color in the field written in 
is decided based on the sexual desire news of a subject-copy image. Here, the reason for writing in a touch in the 
direction of a border line is based on assumption of drawing without breaking down a profile configuration, when 
human being draws a picture. 

[0007] Realization of "the hand-drawn wind" in this invention is based on the following ideas. The pictures by hand- 
drawn [ in the real world ] are created by drawing and repeating the touch on the canvas which is **** for oil painting. 
In case the profile portion of a drawing object object is drawn, we make a brush run along the direction of the profile 
(it is thought that this is because "direction detection" of a body profile is performed without our being conscious and 
the brush is made to run according to the direction). 

[0008] Moreover, it is thought that the "touch" which is a hand has attributes, such as a configuration, length, a size, a 
direction, and a color. If the procedure and "a touch" of drawing in such the real world are modeled, it will become 
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possible to perform automatic processing. ** That is, detect the direction of an objective profile portion from the 
existing picture, by what (a parameter expresses a touch) ** touch is modeled for, copy the procedure at the time of our 
actually drawing, and, as for this invention, realize "a hand-drawn wind." 

[0009] In the image processing system with which this invention specifically generates the image of the hand-drawn 
style based on a real map image The frame memory for an input for input pictures, and the picture processor which 
carries out the image processing of the picture signal of this frame memory for an input, The parameter input 
equipment which inputs a parameter for the image processing of this picture processor, It consists of a frame memory 
for an output which stores the image-processing result by the aforementioned picture processor, the picture signal 
inputted by the aforementioned picture processor is edge-detection filtered, edge intensity and its inclination are 
detected, and it is characterized by determining a touch configuration. 

[0010] Moreover, it sets to the image processing system which generates the image of the hand-drawn style based on a 
real map image. The frame memory for an input for input pictures, and the picture processor which carries out the 
image processing of the picture signal of this frame memory for an input, The parameter input equipment which inputs 
a parameter for the image processing of this picture processor, The frame memory for an output which stores the 
image-processing result by the aforementioned picture processor is provided. The picture signal inputted by the 
aforementioned picture processor is edge-detection filtered. The size and the coefficient of this edge-detection filter are 
set up, the writing pressure parameter as one of the key touch attributes is introduced, edge intensity and its inclination 
are detected, and it is characterized by repeating determining a touch configuration the number of predetermined times. 

[0011] 

[Embodiments of the Invention] 

The 1st operation form by the [operation form of** 1st] this invention is explained in detail, referring to a drawing. 
The whole image processing system composition of this operation form is shown in drawing 1 . In drawing 1 , 1 is 
input image accumulation equipment which changes real map picture signals, such as a photograph and a video image, 
into a digital signal by the non-illustrated A/D converter, and memorizes them. The image data which 2 is a frame 
memory for accumulating the digital image for one frame which was read from input image accumulation equipment 1 
every one frame, and was inputted, and was accumulated at this memory is processed by the picture processor of 3, and 
a processing picture is written in the frame memory of 5. Moreover, 4 is equipment used for control of the picture 
processor 3, and a parameter setup. Moreover, the data in the frame memory of 5 are accumulated by making a picture 
frame into a continuous picture signal at the output image accumulation equipment of 6. 

[0012] In addition, as mentioned above, although the A/D converter is arranged between a real map picture signal and 
input image accumulation equipment 1 and used input image accumulation equipment 1 as a digital signal storage 
means, it is arranged between input image accumulation equipment 1 and a frame memory 2, and is good also 
considering input image accumulation equipment 1 as an analog storage means. Moreover, similarly, although it is 
easy to be as above-mentioned when output image accumulation equipment 6 is a digital formula storage means, in the 
case of an analog formula storage means, the output of the picture processor 3 may be changed into an analog video 
signal by the D/A converter, and you may store in output image accumulation equipment 6. 

[0013] Moreover, although frame memories 2 and 5 are used as one frame memory, they become possible [ presenting 
an image processing colorful also as two or more frame memories with at least one field memory ]. For example, when 
the picture which picturized especially two photographs is stored in each frame memory in the case of two or more 
frame memories, a new hand-drawn picture signal can be created for the hand-drawn picture in one frame, and the 
following hand-drawn picture combining the average of for example, each coordinate, and a creative picture can be 
generated. 

[0014] Next, the processing in the picture processor of 3 shown in drawing 1 is explained with reference to the flow 
chart shown in drawing 2 . 

[0015] In drawing 2 , two or more parameters for hand-drawn are first set up from the input picture accumulated first at 
the frame memory 2 of drawing 1 (SI). Next, the number of times of writing of a touch and the variable loop for the 
number of times are initialized (S2). Next, the coordinate P of arbitrary coordinate points (x y) is chosen at random 
(S3), x shows a position horizontal as a reference point for the screen upper left, and y shows a vertical position here. 
Two edge-detection filters of level and a perpendicular direction are applied to the coordinate value P (x y), and a value 
Q (sx, sy) is acquired (S4). 

[0016] Here, a "edge-detection filter" is a filter of for example, 3x3 matrix, and a perpendicular direction detection 
filter and a horizontal detection filter are used for it. It asks for the matrix product of the brightness value of each pixel 
inside the 3x3 field centering on a certain coordinate (point shown by O), and the filter (perpendicular in it being level) 
of 3x3 matrices, and the value over each horizontal direction and perpendicular direction is acquired. It is theta=arctan 
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(Y/X) about the direction (theta) of an edge in the central point (0) from the group (X, Y) of the acquired value. 
It can come out and ask. 

[0017] Moreover, what can be processed high-speed is because it is calculable to a filter factor by addition of the 
brightness value which is each pixel, and subtraction since there are much 1 and -1. 
[0018] For example, the following 3x3 matrix picture is explained. 
[0019] 

x x xx O xx x x « in this picture, a thing typical as an example of an edge-detection filter is shown below The operator 
of Prewitt (perpendicular) 
-10 1-10 1-1 0 Operator of 1 Prewitt (Level) 
-1 -1 -1 

0 0 0 

-1 1 1 

The operator of Sobel (perpendicular) 

- 1 0 1-202-1 0 Operator of 1 Sobel (Level) 
-1 -2 -1 

0 0 0 

-1 2 1 

However, when an input image is a color, a filter is applied to a brightness value. 

[0020] Next, edge intensity in the coordinate value P (x y) from obtained Q (sx, sy), s=sqrt (sx*sx+sy*sy) .... (1) 
Inclination, theta=arctan (sy/sx) .... (2) 

Eye **** (S5), the parameter set up by SI, intensity s, and the touch which determines a touch configuration from 
theta by inclining, and has the angle of Inclination theta by the color (R, G, B) of Coordinate P (x y) are written in a 
frame memory 5 (S6). Next, the variable loop for the number of times is added one time (S7), and it judges whether the 
variable loop for the number of times is larger than the set point (S8), and when small, it shifts to S3. In this way, when 
only the number of times of specification repeats this loop, the image processing of the hand-drawn style is performed. 
[0021 ] Thus, the picture of the handwriting style can be described by inclining with the intensity s of an edge and 
giving the length and the size of a touch to theta (inclination of coordinate P obtained from the product of a 
circumference pixel and a filter focusing on P (x y)), and a parameter, moreover, a touch shows small fields, such as a 
rectangle and an ellipse, here, and a "smallness field" is seen and built in the configuration of an actual hand (for 
example, what is necessary is just to make the configuration of a "smallness field" into a perfect circle, in order to copy 
a hand like a sketch) In addition, the color in Coordinate P is set as the color in a field. The condition judging of 
drawing 2 of S8 changes Coordinate P (x y), and when loop count has not reached a closing price, it changes. In this 
way, if the "smallness field" (= touch) is repeated and written in, since the coordinate is chosen at random and an 
output frame will be filled with a touch almost uniformly, it becomes the style of handwriting. In order that the field to 
write in may write in along the fully small thing and the direction which detected the field compared with picture size, 
even if it writes at random and piles up, a result does not go to pieces. 

[0022] About a coordinate selection criterion and a drawing procedure, a coordinate is chosen at random and there is 
the way of writing the touch in order with the small edge intensity of the way (the output frame memory 5 is 
overwritten) of overwriting the touch and (1) (2) coordinate. 

[0023] Under the present circumstances, it asks for intensity s using a formula (1). In the case of a procedure (2), the 
procedure written in "order with small edge intensity" is shown below. All points with the on-the-strength value s equal 
to a certain value n are discovered, and a touch is written in the position. If the value of n is changed from the 
minimum value of the on-the-strength value s to maximum, a touch can be written in order with small edge intensity. 
[0024] In addition, naturally a flow chart changes in a procedure (2) and a procedure (1), Moreover, since a coordinate 
(place where the clear edge exists) with large edge intensity is drawn at the end, the advantage of the method of (2) has 
the preservation effect of the edge of a subject-copy image larger than mere random writing, moreover, way touch 
writing overwrites an input picture or the output frame memory 5 - for example, the method of overwriting, after 
carrying out initial setting white etc. - ****** . 

[0025] The result which made the subject-copy image drawin g 5 and carried out the image processing of the example 
of drawing by this operation gestalt in the style of handwriting to the subject-copy image is shown in drawing^ . The 
size of the edge on-the-strength value s means the height of possibility that an edge exists. Moreover, if the touch is 
written in the coordinate with high possibility of being an edge, the direction of the edge in the coordinate will not shift 
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from it of a subject-copy image greatly. That is, it will be said that possibility that the direction of an edge in a subject- 
copy image is saved surely is high. 

[0026] Moreover, the frame memory considers that it is the two-dimensional array of a subject-copy image and the 
same size, and touch writing is the memory holding each value of (R, G, B), and it can be performed by writing the 
color (each value of R, G, and B) of Coordinate P in the coordinate included in "a field (= touch)" centering on the 
position (x y) of the coordinate P chosen by S3 of drawing 2 at two-dimensional array. 

[0027] Furthermore, since it is common that the thing with white actual canvas and actual drawing paper carries out 
initial setting white, the initial value of the two-dimensional array holding an output picture is set up white. By carrying 
out like this, it is thought that it becomes possible to copy process in which paints are actually recoated with pen in 
canvas or drawing paper. That is, they are "the canvas and drawing paper = two-dimensional array" in the real world. 
[0028] The 2nd operation form of a [operation form of** 2nd] this invention is explained referring to a drawing. The 
step which performs smoothing on an input image as pretreatment between a start step and each parameter setting step 
(SI) is added, and it enables it to direct from the parameter input equipment 7 shown in drawing_3 in the processing 
flow shown in drawing 2 . Parameter input equipment 7 has each parameter input section 8, the on-the-strength sensor 
section 9, and a ten key 10, and is arranged between the input image accumulation equipment 1 of drawing 1 , and a 
frame memory 2. 

[0029] Moreover, parameter input equipment 7 is equipped with a ten key 10, and it enables it to set up the size and the 
coefficient of a filter about the edge-detection filter to be used. A writing pressure parameter is introduced as one of the 
key touch attributes, and in order to perform this parameter control, parameter input equipment is equipped with the 
input devices (a touch panel, button, etc.) which have an on-the-strength sensor function ( drawing 3 ). By actually 
tracing a panel using a pen etc., a user can tell favorite writing pressure to an image processing system. 
[0030] Here, since 9 of drawin g 3 is an on-the-strength sensor, tracing inputs strength by pushing this front face. A 
sensor (9 of drawing 3 ) detects "writing pressure", and it is substituted for the variable of the "writing pressure 
parameter" in an image processing processor for the value corresponding to the pushed strength. This parameter is one 
of the attributes about a touch. 

[0031] In addition, as other attributes about a touch, there are the configurations (a rectangle, an ellipse, perfect circle, 
etc.) of (1) touch, the length of (2) touches, (3) sizes, a color of (4) touches, and a direction that writes in (5) touches. 
Among these, (1) touch configuration, (2) length, and (3) sizes are set up by SI of drawing 2 , and (4) colors and the 
(5) directions are determined in process of S6 of drawing^ . (4) The color of a touch can set up the color of the 
selected coordinate P, and it can ask for the (5) directions from a formula (2). 

[0032] According to this method, by the writing pressure specification by the numeric value, the fault of being hard to 
take correspondence with actual writing pressure feeling is avoidable. 

[0033] The edge on-the-strength value acquired by application of an edge-detection filter besides only using the color 
in a selection coordinate is used for the determination of the color of [determination of color of key touch] key touch. 
This method has the feature which has a shade attached to a color by the strength of an edge. This procedure is shown 
drawing 4. 

[0034] In d rawin g 4 , the processing before application of an edge-detection filter and the processing after touch 
writing are the same as the flow of drawing 2 . Now, the intensity s of a touch can be found by filter application. First, 
value s" which normalized s to the real numeric values from 0 to 1 is calculated. 
[0035] 

s"<-s/MAXVAL.... (3) 

MAX_VAL which appears in **S12 of drawing 4 means the maximum on-the-strength value of edge intensity. The 
maximum on-the-strength value of edge intensity is the maximum on-the-strength value in [ all / in one frame ] a pixel 
Therefore, although the step which calculates maximum from the inside of one frame is required, it is omitting on 
drawing. By the formula of **S12 of drawing 4 , the on-the-strength value of the all pixel in one frame is normalized 
to[(U]. 

[0036] Next, the color of a touch is calculated using the following color formula which made s" weight (**S13 of 

drawing A ). 

[0037] 

r <- s"xR+(l-s") xMAX_Y .... (4) 
g <- s"xG+(l-s") xMAX_Y .... (5) 
b <- s"xB+(l-s") xMAX_Y .... (6) 

Here, R, G, and B are the colors of the subject-copy image in the selected coordinate P, and MAX_Y expresses the 
maximum brightness value (R, G, B if it is 8-bit data respectively MAX_Y= 255). if it is s"=0 (there is no edge) by this 
color -- a touch -- white and s" - if it becomes =1 (there is an edge), a touch will become the color of Coordinate P 
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itself, and it becomes possible to attach a shade to a color by the size (strength of an edge) of s" Drawing. 8 is the 
example of the picture corresponding to dr awin g 7 of the on-the-spot photo subject copy obtained by this method. In 
this case, it turns out that atmosphere like a watercolor painting is expressed. 

[0038] The margin of canvas is in one of the features of the picture appropriate for [control of margin of canvas] hand- 
drawn. Canvas is not completely covered by touch, but when a margin is partially transparent and it is visible, it 
becomes hand-drawn ****** sensibility more. Margin control of canvas is performed on being based on the edge 
intensity calculated with the edge-detection filter. A threshold is set up, and when an edge on-the-strength value is 
smaller than this, it is made not to write in a touch as an art. It is the point that a margin remains in a portion (portion 
with loose = brightness change) with small edge intensity as an advantage of this method, and an important profile 
portion does not become blank visually. Furthermore, it is also possible by changing a threshold to write a touch only 
in a profile portion. 

[0039] The flow chart in this case is shown in drawing 9 . From the input picture accumulated first at the frame 
memory 2 of drawing 1 , two or more parameters for hand-drawn are set up first (S21). Next, the on-the-strength 
threshold of an edge is set up (S22). Since the difference in in the hand-drawn and the subject copy which serve as the 
feature by the edge detection when edge intensity is low is small, it is for leaving the state of a subject copy as it is. 
[0040] Next, the number of times of writing of a touch and the becoming variable loop for the number of times are 
initialized (S23). Next, the coordinate P of arbitrary coordinate points (x y) is chosen at random (S24). Next, an edge- 
detection filter is covered over level and a perpendicular direction with Coordinate P (x y), and it asks for the group S 
of the value of the edge intensity (sx, sy) (S25). This edge intensity may be the same as that of the edge-detection filter 
which was explained in the case of drawing 2 , or may ask for edge intensity by the edge detection using the linear 
differential operator and alternative partial equalization by Laplacian, the low-pass emphasis filter, and the high region 
emphasis filter. 

[0041] Next, the edge intensity s in the coordinate value P (x y) from obtained S (sx, sy), s=sqrt (sx*sx+sy*sy) .... (3) 
Inclination theta, theta=arctan (sy/sx) .... (4) 

Eye **** (S26) and the edge intensity s compare with the edge on-the-strength threshold set up at Step S22 (S27). 
When smaller than an edge on-the-strength threshold, it shifts to Step S24, and in being larger than a threshold, from 
the set-up parameter, intensity s, and inclination theta, the edge intensity s determines a touch configuration and writes 
the touch configuration of Coordinate P (x y) in a frame memory 5 (S28). Next, the variable loop for the number of 
times is added one time (S29), and it judges whether the variable loop for the number of times is larger than the set 
point (S30), and when small, it shifts to S24, In this way, when only the number of times of specification repeats this 
loop, the picture of the hand-drawn style can be acquired by storing in the output frame memory 5 the touch 
configuration of the coordinate P (x y) chosen at random, and acquiring the picture signal of one frame from the output 
frame memory 5. With this operation form, by setting an on-the-strength threshold as a larger value, it becomes 
possible to draw only a profile portion and it can express the picture of the hand-drawn style. 
[0042] 

[Explanation of an effect] According to this invention, "conversion of an on-the-spot photo image to the image of the 
hand-drawn style" different from "conversion of an on-the-spot photo image to a real map image" of rotation, resizing, 
change and subtractive color of a color, composition, etc. becomes possible. That is, the new image processing which 
is not due to a real map image and CG image becomes possible, and colorful picture depiction can be expressed. 
[0043] Moreover, conventionally, it is the technology used as the alternative means of the hand-drawn drawing 
creation depending on human being, and a maker's art can be expressed effectively. 

[0044] Moreover, it is the technology which enables reuse in the form where the past image property was different. 
That is, it is possible to modify art owner ********** and pictures of a past many, and the farther art can be 
demonstrated easily. 
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x>yi/'^W7-r;b^«:*Hj-, (b) SuSHffiffilP (x, 
y) CDX.yi/-§SSs (sx, sy) 8 5rSRJ6, 

(c) KxyS^Sfifts (sx, sy) hM#8> miie^ 
9^->*«B*y^»R*tt«U (d) ftjfS^-yf-O 
«S*i£*lHl»tejSi;TlJ<Me (a) A>5 (c) OXT7 7 

[I5UR517] »$36££ff0iS4ft*!^££&^ 

t, ^e.cx<v^au#i->ffl*iS:Su tuta (b) c 

i5i7«s (sx, sy) ttHtR^vi^MtLt 
1^**9 fe**t^tSWE (c) fciS^-yf-JBtt* 

i*3&*- * c t t a sift a 0 
[st^ 8 ] $mm 6 x« 7 icmmttwmwmxmc 

fcv>t\ iijfgIi{tH§^£7b-i^*ytcA^U (use 
(c) <D$v*Bmt&72.Ltz&, (d) ©HfrfcfTtj 
Tffl*!7U-2>;**inc:fg*flU &tb*i:7U— 2»**D 
fr<bWi&tiiLT&WMmtTZ>Ct%<®®l£?2>W{m 30 
S7?ffio 

wimmT~sr>z>ctz&®t-?z>m*m6xii7 , sic 

[000 1] 
[0 0 0 2] 

SffJJWtd* L fcW»ft lft«»Si*< pJAI £ ft *K 



#f*2 8 6 2 0 8 0*§ 

[0 0 0 3] 

[fggliam*LJ:5i:-f5S!JS] C©<*7fc, AfcfcH 

[0 0 0 4] #38ilJtt, ±EaWl*»H*-r*«:i:*@W 
[0 0 0 5] 

7J7U-Affl<D71^-A;*;&»A ^tCA7 t j7U-A* 
[0 0 0 6] ^OlflMElTtt, iSjfffiSRlHgftx 

•y ^ffi7-r;i/^tcJ:^T<tiPiiS^aiL, ^tbbfcfi 
iPS73(p]{c^^^«r#tjAtf 0 ffift7D-fe-y-9-(iccox 

yimmz±£^<wmmmt&&rr*. nit. 

f-^StiiOaSf*. AM#g*«<*£fcfcMt*HBtt 
[0 0 0 7] ^fgB^tcfctt?. r#JS#fflj <D^31«, ^ 

PRC S«ii^©KfP<D73(6]»C»-DT»^ 

^tHj f-<073lRltS!t3Ta*^B-e-Tl>-5^6 
/jft^Aetl*) c 

[0 0 0 8] SSTT'fe* r^-yf-j (i, 5 

*«T;i/ftrntf , gifiaaa^tf 3 c t A^t6tft* 0 

So 
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5 

[0009] m^mmmic^ 
8*a*«*^-raffl«jaa*iiicfe^T, a*jh« 

ffl©A*J17l/-A**yi:, EA*Jffl7b-£^*y 

Bt* 7n -fe y m*StiftI«t%i » ^JH7-f 

COO 1 0] $inKtt«£(c¥tt£W*f*££f£ 
TSHffsJtta^Btcio^T, A^)Bffffl(OA^ffl7U- 

a * * y t . mxtimy L-^t'j oMMreemi 

Jaai-§B{S7n-b-y^t, fSBftyn-b-y-y-oB^Sa 
a<D/c46tc/^^-^%A^l-r5^5^-^A^^B 

x*x±> s nfcH«wi**x ->*&m 7 zi/* c*»w , m. 

x-y ^Hi7 ^ X^flaSfclftS LT*-* y 

^SftO— OtLT©»E/*5;><-#«:3lAU x-y*7 

Co o i i ] 

M i ommmm] *mnc*&m i ©sgffifgfifco^ 
ftsaa«s<o^^fi)c^@ i tc^-To n i icfc^x, i 
d mm ic * <o ?v * timmc&wi l ti ett-r s xfi n 

^SWgBT'SSo 2 t±A*>B*ffi SfflSB 1 fr5> 1 7 

b-^«-ro^*ai$nA7j$nfc 1 7v-^of^ 

->* £ ;bH#*Sa-r * fcifc© 7 b- 2* * * 'J T\ C © 

* y icwmzntcwiSiT- $ a, 3 <ommf^ tvviz 
ioTjaisn, 5©7b-A^*yic5aaBft* s »t 

iitnSc 4l4B»7*a-fe«yU-3 0»JW. 

>J ^©x-^fiu Bf0!7 l^-ix*att»*B»ffl^i: L 
T, 6©tfiai!*f»*KilBK:B«Sft.5. 

coo 1 2] ±a>©«fc-5fcA/Dg:ssaii¥K 

»e?fcA*««*WBBlMfc:E«U A*«««BI 

immmmi t7\s-L.**v 2hk:ebu a*ji*« 
mti^mmmmm 6 # ->-*/i/5£fs«3M3©«£ 

B(S7a -t:-v9-3©ti!7j%D/A g&§§T'7 * o ^B&fgt 
CO 0 1 3] 7l—A^y 2, 5t*17b-A 



(3) ^2862080^ 
feWLtzm-Ss 1 7U-AT>©#«5tB«li:#©3Mit 

coo i 4] #ic % s nc^Lfc3©Bfi7D-t-y-y-rt 

/0 CO 0 1 5] 02{C*5V>t\ 1:1*0 1 ©7b-A^*y 

2fc«a«nfcA*B«^6, si\ #ffitffl©as© 

rt? 3 CS 1) „ ^tc^-y^©»tjA*. 

B»tiaafflaE»ioop%«WBfk-r* (S2) „ *t, ? 

>^AtttJl©*«MiOB«P (x, y) *jf|.£ (S 
3) „ dCT-x&fiffi;fc±*8-6fcLT7k¥73lB]©{&B 
fc, y ttSittTjlRjWffiH^^-ro ^©ffiSffiP (x, 
y) IC7K¥ • Stt73[B]©2 0©x-y7^m7'( , ;l/^^3i 
fflU fflQ (s x. s y) (S 4) o 

Coo i 6] cct\ rx-y ->"^m7i , ;V^j a. fi«Jx 

20 tf3x3?T?U©7i'^^T\ mm?jfo®iii7 ■{ lb* 

fcttOffl (X, Y) A>?>^ (f»j&jft (O) tCfc-Jj-SX-yv 5 
73[«1 (0) * 

0 = a r c t a n (Y/X) 
C0 0 1 7] tfc, SaiSQa^Rlftg*©tt, 7^ 

30 at i te^U- i *^v>fc». &fisSt©Sg<ii©}jng, 
CO 0 1 8] tfiRtf, TE© 3 x 3ff5>JB»tcot->TiJi 

CO 0 1 9] 

xxx 
x O x 
xxx 

C©i«t*l>r, xyS*&aJ7-f /1/*©0!l£ LTftg 
ff5^t©^WT{C/F-To Prewi t t©^"<b-^ 
40 (Sit) 

- 1 0 1 
- 1 0 1 
- 1 0 1 

Prewi t t ©sj-^U— £ (7K¥) 

- 1 - 1 - 1 
0 0 0 

- 1 1 1 

S o b e 1 ©*^b-^ (Sit) 
50 - 1 0 1 
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-2 0 2 
- 1 0 1 

S o b e 1 0J<¥) 

- 1 -2 - 1 
0 0 0 

- 1 2 1 

[0 0 2 0]:WC fl6n/:Q (sx, sy)^6, e 
mm? (x, y) te*»*x-yS^|*, 
s = sqrt (sx*sx-bsy*sy) (l) 

0 = arctan (sy/sx) (2) 

*#*(S5K S l-eRfcLfc/<5*-*fc3i*s* 
fttf«*e*6, U iiP (x, 

y) (R, G, B) T^iSeOftft^rJtO^^f-* 
7U-A**U 5fc«#i&tf CS6) o ^fcllftfflaa 

ioop^iiD»LT (S7) , mafflsiaioop^K^fflcfc 

(P (x, y) **i&tc LT> JBHBJRi: 7* /t/*<oaKP&» 

JB, *R* U r/Jx««j ftR®* 

rtOfetcR^TSo ffifilP (x, y) *a»-r*<DttB 
3 1 ) «iD«LT»*&A/FW:Hf, 

[0 0 2 2] S«a«»tpfe*lf»iB#IBfcOV^Ttt. 

< (tb^7U-JU^^rU 5lC±«*l/tV><) ^075" 
^> (2) ««OX'y^*^/hSt^C*^^*8* 

[0 0 2 3] C<0m, ftKstt. S (1) *ffi^T#A6 

So #J® (2) <o»^ rx?s^M#/>«i,*u les 



(4) «fHF2 8 6 2 0 8 0# 

*t i n j tf , x <y s;ai«3bvjNS I >i®tc * ^ s & a, 

[0 0 2 4] ftfc, (2) (1) fcTttSJK 

7P-f J f-httEb5 0 (2) ©SffiOfUjfi 

[0025] ttm&fflc&%WM<D9i** mmmzm 
s%0 6ic^-r o xy^aiis©***^ x^# 

tiSCi:*^o RBfeK *5 it * x >y v^fttflE 

20 [0 0 2 6] Sft, *y*»*2AfcJ\ 7U-A^U 
^«B»fcH*YX02*7cEM^ (R, G, B) <D 

?»tfftfc«BP©ffifi (x. y) **£«Lr, 

(R, G, bo»«) *23JOEW>J«c»*iitrci:-efT 

[0 0 2 7] £6tC, afefc«JWKS-r*fcti, HBO 
*>^^Bfflttc«efeOfe<0^»iiT**§©T% ffi* 

B<t*«&-f s 2*7EEW©«UB«*sfefc»e-r*o 
[0028] [sb 2 o-mmm *mx<om 2 <ommm 

Wt&XTyT' (Si) Mfc:, A*»»teW«a4:LT¥ 

40 H7ttS/^y-^A*8S8^, ^g-fe>^-a59^, 
f^- I0t ^L, Hi (0A*tt»*««B 1 t 
7l/-A^^'J 2FBllcgHS$ti?)o 
[0 0 2 9] Sfc, ^fflT^X^v?«ltt57^;V^^C)V> 

■bv*-««**r*X*BB C*y^^*/W 

a if) *sis*rs (B3) c tf«^>&H*ffl^T 
50 ms^/^i/Srft^c^teji^Ts ftzxom&zmm 
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[00 3 0] CCT\ ft^Sfcl^Ciltt. 03(09*^ 

(2) **y?-<Dfi2. (3) (4) *y*-<Dfe, 

(5) ^7f^ff^Wfe§o Cfte><D3"£, 
(1) #^^»R. (2) Hi. (3) H2<?) 

s i r^^n, (4) e, (5)j^2^s6© 
asr»e*ti*o (4) ^y^fitt, as?*tife« 

«P<Dft*i»£U (5) yjfaltt (2) 
[0 0 3 2] COSSKifttf, »«fcJ:a»EES«T 

[0 0 3 3] * ^ ^CD&(D®:7£] *y ^Ofe 

r <- s" XR+ (1-s") 
g <- s " x G + ( 1 - s " ) 
b <- s"xB+(l-s") 

&-?$>9. MAX_Y«I^BSI*St (R. G, B 
§^?8b i t^-r — ^T*&5ae>tf, MAX_Y = 2 5 
5) o COfelCcfcD, s" =0 (X-yi/^av>) 

aS$nti/>§ci:j()^§o 
[0 0 3 8] [5b>;U(D^eo»Jl] #»*5Lt^& 

;l/^TltgbfcX>yi/^Jg^S^iC-r^>C^T\ 40 
$&%%^£olCt%o £<Dfi&<Dm*tLZ&, x-y 

[0 0 3 9] COif£<O7n-^*-h*09fcj5rf o 



m*2 862080^ 

70 

* x ^y ^tB7 ^ coiSffltc cfc o i# e> x y v& 

o 

[0 0 3 4] 04tC^3l/>T. X-y ^&ffl7-<;t/*OSSffi 
HCT&So 7^f /l/^Sffi^oT^y^fO&fi 

[0 0 3 5] 

s" <- s/ M A X V A L (3) 

H4<D®S 1 2 lC5ltl^> M A X V A L &x y ^Sfi© 

7 A rt 6> fiT^ffi^*^ § X x «y 7 P *^S § 
tf, B±*»SLTVSo H4£0(DS 1 2<OiCT\ 1 7U 
-Art£HjlS03fiKfiI* [0. . 1] fclESMfcLT^ 

[0 0 3 6] 3Mc, s" &a*fcbfcTIB©fefl*R* 

ffl^T^^yf-^fe^Itff-r^ (EI4<D©S 1 3) 0 
[0 0 3 7] 

XMAX_Y (4) 

XMAX_Y (5) 

XMAX_Y (6) 

6, S*\ #«efflOffl»0/<5^-**BBE , r* (s 
2 1) 0 Oiffc, x»y^3SgU#t>«*g8^-r« (S 
2 2) o xy^ffitucfc^TxyyMiSCiK^fcSttW 

mmooo&mwHtrz (S2 3) 0 7>#l>ic& 

*©lM«£<Otf*P (x, y) (S 2 4) 0 

tc, ffifflP (x, y) T?J<¥ • ffit#I^CX^1$ffi7 
-f;l/***HJ, *<Dxy^&fi<DfiI(OffiS (sx, s 
y) (S2 5) o C^X^v ? ?4S^H2(Dii^ 

ffll/>fcx -y y*mc cfc o Tx ^y vlSjS^*i6T fe cfc V^o 

[0 0 4 1] t#e>tlfcS (s x, s y) 3()^> ffi 
HffiP (x, y) lcfe#£xy>?3Sfis, 
s = sqr t (sx*sx+sy*sy) (3) 

0 = arctan (sy/sx) (4) 

(S 2 6) > X7'>"SSs^f77S 2 2t*S 
fibtex^s^H«L*v>tti:Jtlfr* (S2 7) o X-y 

i?»m s ^x y s^aai,*^** o M^t^t^xf 
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(6) 



VfZ 8 6 2 0 8 0*1 



u 

«*RSL, gffiP (x, y) 0?9f»tt*7U-A 
5C»#iitf (S 2 8) o ftCHftfflg&loop* 
ljjQgLT (S2 9) , B]ftffl£&looptfK£ffiJ:!>* 
#V**i»S*»*fflKb (S3 0) , /Jv£ft^fc*£«:S2 

'M-tCtlC&vT. 5y^CW£IiP (x, y) 

^m^b-A^u 5fre> 1 7is~L.<DW®m^% 

i!5CtKiO< 3Mffi#SBIB*i#S<:i:tf-PtSo * 
[0 0 4 2] 

[0 0 4 3] tie*, AMKfcJ^-EVfc^jiSiB 
[0 0 4 4] gjfc, ii^OWff^iKDBcfc^TCOgfiJ 

[0 l ] * *B««ra»B©^o * ^IT'fe 

So 

[H2] *%B^j:§ajfffiiiSB©7D-^-v-hr- 

ifcSo 

[0 3] *HW»cJ;5il«Stta^Stcfflv>S^5^-^ 
[04] *^(C t fc§iSfffflIl^S<0-W©7D-^-v 



72 



70 



20 



30 



[05] *|t^»cJ:Sffi»Saa^B©ft46©iiB@T*fe 

So 

[0 6] *%Htc£3B*8L98H£ffl^fc«¥tt&BI 
T'^So 

[0 7] *miic&%mm&m&w<orzit><Dmmm-c*& 

So 

[0 8] *^ic^5®{fj!aa^s^ffl^fc}ai:igm0 



[09] 

[fr#©gJI8] 
i xjivkmwmmw 

2, 5, 7 7U— A**'J 

3 Bff7a-b-y+)- 

4 /<9*-*A*J«« 

6 mtiw<fsa»« 

8 zxiim 

9 &fi-b>tf-» 

1 o 7->*— 

MBit tsafrr * c t k t s o 

* u 2 1 , m\t>m? b-i^t'j2 ©Hft ft^Bfs 

Saa-rSfflft7a-b-y-9-3 i^Bft7a-tr-v+)"3cOB 
ftJaSO/ti^tc^v £A*)-3- A^^ 
B 4 t , HflffiHftT'n -fe y V 3 tc J: -5 a<**!i31*S££« 

D-fe y +)- 3 KA;b£ftfcB«S ff^^x y S?&&7 W 71/ £ 



[03] 



[05] 



8 
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(7) 



m$2 8 6 2 0 8 0*§ 



[01] 



3^ 


2 \ 




^ 


amiss 

^ . v 




1 











A 



A 



[H63 [H7] [0 8] 
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(8) 



#!*F2 862080f 



[02] 



start 




-Si 



loop *— 0 



no 



,S2 



.—S3 



~S4 



£«— wctanCsy/sn); 



-S5 



U - A> * U tela* fctf. 



T 



56 



loop «- loopt-1 ; 



-S7 
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(9) 



Sfg«F2 8 6 2 0 80*t 



[0 4] 



B * «- «/MAX_VAL 




i2 



b «~ ** xB+ (l~sr)xMAXL_Y 



S/3 
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(10) 



2862080*§ 



[09] 



r start 



loop «- 0 



-S23 



s «- sqrt(sx*sx+ss*sy); 
6 *- arctan(sy/sx);- 




no 
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